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FORWARD
The UMR-MEC Conference on Energy was organized 
in 1974 with the purpose of providing social 
scientists, scientists and engineers a means-' 
for rapid communication of their most recent 
research results in the field of energy and 
to offer solutions to the energy related pro­
blems of local government, business, industry 
and the general public. The Conference is 
sponsored by the University of Missouri-Rolla 
and the Governor's Energy Council within the 
State of Missouri Department of Natural Re­
sources with the cooperation of the profes­
sional societies listed on the previous page. 
Much of the conference support is provided 
through the program of company registrations. 
Last year's participants in this registration 
program are listed on the previous page.
Papers presented at the conference are of two 
categories: those that are presented by in­
vitation and those selected from papers sub­
mitted in response to an open call for papers. 
Papers are selected by a committee of experts, 
from the University of Missouri-Rolla and the 
Missouri Department of Natural Resourses, in 
the various fields of activity presented in 
the conference. Suggestions for papers are 
always welcome for careful consideration if 
received by April 15 in the year of the 
conference.
The meeting is open to all persons interested 
in energy resources, their extraction, their 
utilization and conversion, their conservation 
and in policy related to energy processes.
The Conference provides a common meeting 
ground for social scientists, scientists, and 
engineers in universities, industry, business 
or government to meet and exchange ideas be­
tween themselves and with the general public. 
Academic sponsorship is intended to provide 
the freest possible discussion ranging from 
the most technical detail, through the econom­
ic questions and to the social and political 
aspects of the subject of energy.
The sponsors of the Conference and the Direc­
tor in particular, thank the companies and 
individuals contributing to the success of 
the Conference. The help of the Session 
Chairmen, Co-Chairmen and the Organizing Com­
mittee is gratefully acknowledged. A special 
note of recognition goes to the many authors 
whose contributions appear in this tome.
With their efforts the success of the Confer­
ence was assured as well as the value of the 
printed proceedings.
This volume is a collection of papers selec­
ted from the papers presented on the occasion 
of the Second Annual UMR-MEC Conference on 
Energy held at the University of Missouri- 
Rolla on the dates of October 7-9, 1975. The 
Conference is annually organized jointly by 
the Governor's Missouri Energy Council (MEC) 
within the Missouri Department of Natural Re­
sources and the faculty of the University of 
Missouri-Rolla (UMR). This annual Conference 
provides a forum for the transfer of informa­
tion on all subjects dealing with energy re­
sources, their extraction, their conversion, 
their conservation and policy related to en­
ergy between social scientists, scientists, 
engineers and the interested public.
The President of the United States early in 
1974 established the goal of energy indepen­
dence by 1980. Since that time there has beei 
considerable difference of opinion regarding 
the meaning of energy independence, and even 
greater differences as to how the goal of in­
dependence should be achieved. To some, en­
ergy independence is a condition in which the 
U.S. receives no energy through imports, and 
produces all of its energy domestically. To 
others, energy independence is a condition in 
which the U.S. imports some energy to meet 
it's requirements but only to acceptable lev­
els of political and economic vulnerability. 
The definition of independence, the criteria 
for availability, and the technical methods
iii
d advancements for meeting the goal of ener- 
independence are central to the choice of
U.S. energy strategy and the theme for this 
ar's Conference, "Energy Crisis - Two Years 
ogress Towards Self-Reliance".
tizens throughout our country, aware of the 
tion's critical dependence on its energy re- 
urces, are concerned about our energy supply 
d our need for positive action in the devel- 
iinent of new alternatives to traditional en- 
gy systems and patterns of energy utiliza- 
on. At every level-from trying to lower en- 
gy consumption to the development of sophis- 
cated alternative resources, concerned re­
archers are doing what they can to help our 
tion, and its future generations, achieve 
.ergy self-reliance and stability. Papers 
•vering the work of many of the nations out- 
ending researchers are contained in this 
plume. Through the continued research ef- 
irts of these and other outstanding social 
ientists, scientists, engineers and public 
rvants, I am confident that our nation will 
let the challenges and achieve its goal of 
lergy independence in the 1980's.
J. Deraid Morgan 
Conference Director 
University of Missouri-Rolla
Dr. J. Deraid Morgan, Conference Director and 
Mr. James L. Wilson, Director, Department of 
Natural Resources, State of Missouri. Mr. 




Office of the Governor 
State of Missouri
WHEREAS, the purpose of the Annual UMR/MEC  
Conference on Energy is to provide a forum of exchange 
between social scientists, scientists, engineers, and the public 
on energy developments in the areas of conservation, 
conversion, resources, economics, and policy; and
WHEREAS, energy research and development is vital to 
the nation; and
W HEREA S, the faculty of the University of 
Missouri-Rolla have joined with the Missouri Energy Council 
within the Missouri Department of Natural Resources to 
organize this conference on energy; and
WHEREAS, those attending this year's conference are 
citizens, social scientists, scientists, and engineers from all 
segments of our society concerned with the energy question; 
and
WHEREAS, this year's conference theme is "Energy 
Crisis—Two Years' Progress Towards Self Reliance":
NOW, THEREFORE, I, CHRISTOPHER S. BOND, 
GOVERNOR OF THE STATE OF MISSOURI, do hereby 
recognize the conference participants for their contributions 
and interest in providing solutions to questions of energy 
resources, conservation, conversion, economics, and policy 
for the benefit of mankind; and hereby recognize the 
organization committee directed by Dr. J. Deraid Morgan for 
their efforts in preparing this outstanding energy conference; 
and do hereby offer a sincere welcome to the attendees of 
the 1975 UMR/MEC Conference on Energy.
IN TESTIMONY WHEREOF, I have hereunto set my hand
and caused to be affixed the 
Great Seal of the State of 
Missouri, in the City of 
Jefferson, this 6th day of 
October, 1975.
ATTEST:
Mr. James L. Wilson, Director, Department of 
Natural Resources, State of Missouri present­
ing his Keynote Speech at Luncheon.
Mr. Louis G. Hauser, Westinghouse Electric 
Corporation, presenting his Keynote Address.
Mr. James L. Wilson, Director, Department of 
Natural Resources, State of Missouri present­
ing his Keynote Address.
Dr. Bill L. Atchley, Dean of College of 
Engineering, University of West Virginia, 
presenting his Keynote Address.
CONFERENCE ORGANIZING COMMITTEE
Dr, J, Derald Morgan - Conference Director 
UMR Electrical Engineering Department
Dr, Bill Atchley - Program Chairman 
Missouri Governor's Science Advisor 
UMR Associate Dean of Engineering
James L, Wilson - Chairman, Missouri Energy Council 
Director, Missouri Department of Natural Resources
Mrs, Norma Fleming - Conference Coordinator 
UMR Extension Division
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of Missouri-Rolla
Keynote Speaker: Mr. James L. Wilson, Director, Department of Natural Resources, 
State of Missouri
Luncheon
Master of Ceremonies: 
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Master of Ceremonies: Dr. J. Stuart Johnson, Dean, School of Engineering, University of
M1ssour1-Rolla
Speaker: Dr. Thomas A. Beveridge, Professor of Geology, University of
Missouri-Rolla
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Dr. Earl F. Richards, Department of Electrical Engineering, University of 
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Dr. Albert E. Bolon, Department of Metallurgical and Nuclear Engineering, 
University of Missouri-Rolla
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- Economics of Energy - Alternative Systems of Energy
Dr. Vaman Rao, Department of Social Sciences, University of Missouri-Rolla
- Energy Systems
Dr. Earl F. Richards, Department of Electrical Engineering, University of 
Mi ssouri-Rol1 a
- Energy Environment
Dr. Ivon Lowsley, Assistant Professor, Civil Engineering, University of 
Missouri-Rolla
- Economics of Energy - Energy Conservaton
Prof. William Desvousges, Department of Social Sciences, University of Mis 
souri-Rol1 a
ix
Dr. J. Stuart Johnson, Dean, School of Engin- Conferees at Opening Session,
eering, University of Missouri-Rolla 
as Master of Ceremonies for Mondays Luncheon.
Dr. Thomas A. Beveridge, Professor of Geology, 
University of Missouri-Rolla , Guest Banquet 
Speaker
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Sciences, University of Missouri-Rolla, as 
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